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GUST-TUNNELINVESTIGATIONOFA ?JRtGMODEIjI~

SEMICHORDLINESWEPTRACK60°

ByHaroldB.Pierce

SUMMARY

AninvestigationwasmadeintheLangleygusttunnelofa
. 60°sweptback-wingmodeltodeterminetheeffectofa largeangleof

sweepongustloads.Onthebasis.oftheresults,a simplifiedmethod
ofanalysis,whichusesa slopeoftheliftcurvederived@ thecosine
lawandwhichusesstriptheo~toesthatethepenetrationeffect,
appearsto
asmuchas
tionswith
presented.

beapplicabletothepredictionofgustloadsonwingsswept
60°.A summarycurverepresentingtheresultsofinvestiga-
tingmodelshavingfrom45°sweepforwardto60°sweepbackis

.

A simplifiedmethodfor
sweptwingswaspresentedin

INTRODUCTION

predictinggustloadsforairplanes
reference1. Resultscalculated&

methodwerecom&ed withexperimentalresultsforrelatedwin~

hav-iilg
this

thesemichordl-tiesweptback~~”(reference1),sweptback305(refe&-
ence2),andsweptforward45°(reference3). Ineachcase,theagree-
mentbetweenexpez%mentandcalculationshowedthemethodtobeadequate.
Theresultsalsoindicatedthatthemaximumaccelerationincrementdepends
ontheslopeoftheliftcurveofanequivalentstraightwing(refer-
ence1)multipliedbythecosineoftheangleofsweepandontheeffect
ofthegradualpenetrationofthesweptbackwingintothegust.Inasmuch
asthemethodofreference1 containsmanysimplifyingassumptions,its
applicabilitybeyondtherangeofsweepanglestested(45°)wasdoubtful.
Accordingly,theinvestigationsinreferences1 to3 wereextendedto
includegust-tunneltestsofa wingmodelhavingthesemichordlineswept
back600andhavinganaspectratioof1.46. Thispaperpresentsthe
resultsofthegust-tunnelinvestigationofthe60°sweptback+ngmodel
andcomparestheseresultswiththosefromcalculationsmadebythe
methodofreference1.
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2 NACA‘TN22o4

APPARATUSANDm l-s

A photographofthemodelusedinthetestsisshownasfigure1 ~
andtheplanformofthemodelisshowninfigure2. Thewingofthe
modelwasderivedfromthatoftheequivalentstraight-wingmodelof
~fe~nceI byrotating.the straightwingaboutthesemichordpointat
theplsneofsymmet~sothattheconstan%lengthsemichordlinemoved
backthroughanangleof60°.Theleadingedgeofthecentersection
andthetipsweremodifiedtothedimensionsshowninfigure2. In
ordertoprovidespaceforthebatteriesandtheaccelerometerinthe -
wingofthemodel,thecentersectionhassmoothbulgesprojettingfrom
thetopandbottomsurfaces.Thethicknessatthecentersectionis
thereforeaboutdoublethethiclaiessthatthewingwouldhavewithout
thebulges.Thecharacteristicsofthemodelandthetestconditions
aregivenintableI. Theslopeoftheliftcurvedeterzthedbyforce
testsincludedinthetablewasotied fromtestsmadeintheLangley
free-flighttunnelonthemodelwiththetifloff.

Thecenter-of-gravitypositionshownintableI
theforceteststogivethesamestaticstabili~as
previouslytested(references1 to3). Becauseofa
thelengthofthemodel,thehorizontaltailisina
wouldbee~cted tocontributetothemaximumvalue

wascalculatedfrom
thatofthemodels
testMmititionon
positionwhereit
oftheacceleration

incrementrecordedinpassagethrougha sharp-edgegust.Inorderto
reducetiecontribution,thehorizontal-tailareawaskeptassmallas
practical.As‘aresult,thetailvolume(thatis,tailareatimestail.
length)ofthepresentmodelisabout25percentlessthanthatofthe
previousmodels●

7,

Thegusttunnelanditsequipmentaredescribedinreferences1
and4. The-profileofthesharp-edgegustusedinthetestsisshownh
figure3 astheratioofthelocalgustvelocitytoaveragemaximumgust
velocityasa functionofthepenetrationinmeanwingchordsofthe
model.

.

Testsofthe60°sweptback-wingmodelconsistedof10flightsofthe
modelthroughthegustprofileshowninfigure3. Measurementsofforward
velocity,gustvelocity,normal-accelerationticrement,andpitch-angle
incrementweremadeduringeachflight.
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PREOISION

.

Themeasuredquantitiesareestimatedtobeaccuratewithinthe
followinglimitsforanysingletestorrun:

Accelerationipcrement,An,gunits. . . . . . . . .. . . . . . *0.0~
Forwardvelocity,feetpersecond. . . . . . . . . .. . . . .. .*O.5
Gustvelocity,feetpersecond. . . . . . . . . . . . . . . . ..*O.1
Pitch-angleincrement,An,degrees. . . . . . . . . . . . . . . .*0.1

Resultsfromrepeatflightshadamaximumdispersionofnotmore -.
thanAo.osg.Thisdispersionistheresultofsmallvariationsinthe
testconditions,theeffectofwhichcannotbeeliminatedbycorrections-
tothedata.

RESULTS

Therecordsforallflightswereevaluatedtoobtainhistoriesof ‘
thenormal-accelerationincrementandpitch-angleincrement-duringthe
traverseofthegust.Representativetestresultsareshownh figure4.
TheaccelerationincrementAn andthepitch-angleincrementAElare
plottedagainstthedistanceoftheairplanecenterof’gravityfromthe
leadingedgeofthegust-tunneltestsectionmeasuredinmeanchords.~

Themaximumaccelerationincrementforeachtestflightwasdeter-
minedfromtheflightrecordandwascorrectedtoaweightof9.25pounds,
a forwardvelocityof60milesperhour,anda gustvelocityof10feet
persecondonthebasisoftheassumptionthattheincrementisinversely
proportionaltotheweightanddirectlyproportionaltoforwardspeedand
gustvelocity.Thiscorrectionwasmadesothattheseresultscanbe
compared.withthoseofreferences1 to3 andsothattheeffectofsmall
variationsinlaunchingspeedandgustvelocitycanbeeliminated.T&
averageofthecorrectedmaximumaccelerationincrementswas1.22.

Figure4 showsthatthemodelhasappreciablepitchingmotionatthe
pointofmaximumacceleration.h orderthata comparisonoftheexperi-
mentalvalueswiththevaluescalculatedaccordingtothemethodof
reference1 canbemade,theeffectofpitthingmotionwasremovedfrom
theexperimentaldata.Thisadjustmentwasmadebytheapproximate
methodofequation(3) of reference1,andtheresultantvalueofmaximum
accelerationincrementis1.18.

.
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CAIIXJIATIONS

Calculationstopredicttheresponseofthemodeltothetestgust
were‘madeaccordingtothemethodsetforthinreference1. Asin
refeI’eIICf3 1, & UILStea~-~t fUUCtiOn CL ~ forpenetrationofa sharp-

edgegustandthefunctionC% fora suddenchange
areintheformofratiosoftheliftcoefficientat
ltitcoefficientafteraninfinitedistancehasbeen
functionswereobta3nedfromthecurvesofreference
aspectratio,andthefugctionCL wasmodified~
takeintoaccountthegradualpene%tionofthe60°

ofangleofattack
anydistancetothe
traversed.The
~ forinfinite
striptheoryto
sweptkackwinginto

thegust.Thecurvefor C& andthemodifiedcurvefor CLg areshown
infigure5 intermsofmeanchordsofthetestmodel.Forcomparison
theunmodifiedcurvefor CLg isd-so shownin figure~. TWOslopesof
theliftcurvewereused:Onewasthatof‘thestraight-wingmodelof
reference1multiplied~ thecosineoftheangleofqweep;theother
wastheS1OMdetermhedfromforcetestsmadeuudersteady-flowcondi-
tionswith\hetailofthemodeloff. Themaximumaccelerationincre-
ment An determinedlzYuseofthecosine-lawslopewas1.00and
thatdetermined●bguseofthesteady-flowslopewas0.89.

DISCUSSION .

Themaximumexperimentalaccelerationincrementreducedtozero
pitchiscomparedwiththecalculatedresultsinthefollowingtable:

Experimental-
Calculated.A- (reference1)

(gunits)
reducedto
zeropitch Cosine-law . Steady-flow
(gunits) . slope slope

1.18 1.00 0.89

Thecomparisonofexperimental~d calculatedresultsintheforegoing
tableshowsthatthevaluecalculatedbyuseofthecosine-lawslopeof

. theliftcurveisaboutO.2glowerthanthatobtained~ experiment.
Thevaluecalculated@ substitutionofthemeasuredsteady-flowslope
oftheliftcurveforthecosine-lawslopeisaboutO.3g lowerthan

,./

.

#
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NACATN22o4 5

eqxMment.Althoughtheuseofthecosine-lawslopeindicatesbetter
agreementwithe~ertientth~ themeasuredslope,theagreementisnot
consideredadequateto”veri&theuseofthecosine-lawslopeofthe
liftcurve.Theconfiguration,however,wassuchthata discrepancy
wouldbeexpectedtoexistbetweenexp&Mi?ntanda calculationthat
considerstheeffectofthegustonthewingonly.Forinstance,at
thetimeofmaximumaccelerationincrementinthesharp-edgegust,the
tailsurfaceofthismodelhaspenetratedthegustabout3 chordsso
thatanappreciablecontributiontotherecordedaccelerationticrement
mightbeexpected.

Inordertodetermh~whetherthecontributionofthetailsurface
causedthediscrepancyobserved,anestimatewasmadeofthecontribution ‘-
ofthetailsurfacetotherecordedaccelerationincrement.RoughC&L-
culationsmadebyuseoftheexperimental.acceleration-incrementand
pitch-angle-incrementdataindicatedthattheeffectofpitchingand
verticalmotionsonthetailloadcancelandleaveorilytheeffectof
thegustandthewingdownwashtobeconsidered.Accordingly,theaccel--,
erationincrementduetothetailinthesharp-edgegustwasestimated
fromthefollowingequation

, ●

wheretheslopeoftheliftcurveofthetail~ ,wastakenas4.05and
thedownwashfactor.&/da wasesl+matedfromtheforcetestsasbeing
aboutO.~. ThebuildupofliftonthehorizontaltailCLg~t) isa
functionofthepenetrationofthesurfaceintothegustintermsof
meanchordsofthetail st andisassumedtobethesameasthe
unmodifiedcurvefor CLg infigure5. Thevalueof.CLg(st)atthe
numberofchordsofpenetration@to thegustdesired,st~,isrepre-

.

sentedbytheterm ~Lg(4Jst~. Atthetimeofthemaximumrecorded

accelerationincrement,thetailhaspmetratedthegustabout3 chords
andthevalueof p.g(st]stlisabout0.78.Substitutionofthese

v&es togetherwithothersfromtableI intheprecedingequationindi-
catedthatthetailcouldcontributeabout0.13gtothetotalresponse.
Thisestimatedcontributionofthehorizontaltailaccountsforthe
greatestpartof’thediscrepancybetweentheexperimentalresultsand
thosecalculatedbyuseofthecosine-lawslopeoftheliftcurve.On
thebasisoftheforegoinganalysis,thesimplifiedmethodofcalculation
giveninreference1,whichusesa slopeoftheliftcurvederivedbg
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thecosine
appearsto
asmuchas

lawandstrip
beapplicable
600.
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theorytoesthatethepenetrationeffect,
tothepredictionofgustloadsonwingsswept

l?igure6 comparestheresultsof”thepresentinvestigationwilh
thoseo:referenc&1 to3. Theloadratiosgivenaretheratiosof
theaccelerationincrementsattheangleofsweeptothecorresponding‘
(eqerimentalorcalculated)accelerationincrementsatzeroangleof
sweep.Examinationoffigure6 showsthattheloadfrompenetration
ofa ziven-t decreasesrapidlyasthewingisswepteitherforward
orba&ward~Theloadforthe6° sweptback-
thatoftheequivalentstraightwing.

CONCLUDINGREMARKS

wingisaboutone-half

onthebasisoftheanalysismade,thegustloadonamodelwith
a winghavingthesemichordlinesweptback60°appearstobedependent
ontheeffectofthegradualpenetrationofthegustontheunsteady-
Iiftfunctionandona slopeoftheliftcurveatleastasgreatas
thatoftheequivalentstraightwingmultipliedby thecosineofthe
angleofsweep.A summarycurverepresenttigtheresultsoftheinves-
tigationofmodelshavingwingswithanglesofsweeprangingfrom-45°
tothepresent60°showsthattheloadina given~st decreasesrapidly ,
asthewingisswepteitherbackwardorfomard. 0

A

b, “

LangleyAeronauticalLaborato~
. NationalAdvisoxyCommitteeforAeronautics

LangleyAirForceBase,Vs.,August4,1950
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CHARAC’IERISTICS

‘TARIEI

OFMODELAND
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Figure1.-Model
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Figure 2.- Plan formof modalwith 60° sweptbackwing.
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Figure3.-Velocitydistributionthroughgust-tunnel#et. Sharp-edgegwt.
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